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QUESTION 1                 (10 marks) 
 
Q1.1 Consider the transmission line 1-2 in the simple power system shown in Figure 1. 
Calculate the active and reactive power flows in the line given the following information. 
Provide magnitude as well as direction. 
 Bus 1 voltage = 132 /20 kV 
 Bus 2 voltage = 132 /30 kV 
 Line inductive reactance = 10 ohms per phase 
 Neglect shunt capacitance and series resistance. 
(2 Marks) 
 
Figure 1 Simple power system for Question 1.1. 
 
Q1.2 Figure 2 below shows a 3-bus power system with Bus 1 as the slack bus, Bus 2 as the 
load bus and Bus 3 as the voltage-controlled bus where voltage is maintained at 1.1 per 
unit. The impedances at bus 2 represent the load and not a part of the network impedance 







Figure 2 Simple three-bus power system for Q1.2. 
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Q1.3 Using Newton-Raphson approach, solve the following two simultaneous equation, 
starting from an initial guess of x = y = 10. 
 
2x + 3y = 5 
3x – 5y = -2 
 (5 Marks) 
 
QUESTION 2                   (10 marks) 
 
An 11.8 kV bus is fed from three alternators having the following ratings: 
 
Alternator 1:  20 MVA, X’ = 0.08 pu 
Alternator 2:  60 MVA, X’ = 0.10 pu 
Alternator 1:  20 MVA, X’ = 0.09 pu 
 
Calculate the fault current and fault MVA if a three-phase symmetrical fault occurs on the bus. 
Neglect resistances.  
 
QUESTION 3                   (20 marks) 
 
Q3.1 Why is protection system a vital component in a power system? 
(5 marks) 
Q3.2 Describe how the following relays operate to protect a system or a piece of equipment. 
 
(a) Overcurrent relay. 
(b) Differential relay. 
(c) Distance relay. 
(15 marks) 
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QUESTION 4                   (20 marks) 
 
The following questions (Q4.1 to Q4.20) are worth one mark each. 
State TRUE or FALSE for the following statements: 
Q4.1  In order to safely start a dc motor, one has to apply the armature voltage after the filed 
current is applied. 
Q4.2 An alternator output voltage may be very high, say 11 kV, but the field supply needs to 
be only a small ac voltage of about 240 volts. 
Q4.3   The hyperbolic relation cosh2x + sinh2x = 1 is very useful in long line modelling of 
transmission lines. 
Q4.4 Surge impedance loading of a three-phase transmission line is given by kV2/Z0 where kV 
is the line to line voltage and Z0 is the surge impedance of the line.  
Q4.5 In per unit system, all the formulas are devoid of the factor √3. 
Q4.6 When adequate information is lacking, it is not unreasonable to take 400 ohms as the 
surge impedance of a 132 kV transmission line. 
Q4.7  When a power system suddenly loses some generation, the frequency goes down. 
Q4.8 In ABCD parameters of transmission lines, A=D for any type of modelling. 
Q4.9  In ABCD parameters of transmission lines, AD-BC=0 for any type of modelling. 
Q4.10 in a transmission line, the reactive power flow depends on the voltage difference 
between the two ends of the line. 
Q4.11 In power system operation, steady-state means a situation when there is no change in 
load.  
Q4.12 Single line faults are most frequent and severe. 
Q4.13 The unit of moment of inertia is kg/m2. 
Q4.14 The difference between a circuit breaker and an isolator is that while a circuit breaker 
can interrupt large fault currents, the isolator can only interrupt load current. 
Q4.15 Under-frequency relays are used to improve the falling frequency of a system to some 
extent. 
 
The following questions should be answered as briefly as possible. Long essays are not 
acceptable. 
 
Q4.16  What is Ferranti effect? 
Q4.17  What is corona? What this has to do with transmission lines? 
Q4.18  What is surge impedance? What is its unit?  
Q4.19  What is a surge arrester? How does it function? 
 
Q4.20  Why is HVDC employed in river crossing of a transmission system? 
 
END OF QUESTIONS 
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FORMULAS 
(Symbols have their usual meanings in the context of the particular formula) 
 
Three phase circuits  LL IVS 3= ; ϕcos S P = ;  ϕsin S Q =  




































=  µF/km; 
y
zZ =0 ;  yz=γ . 
ABCD parameters        
 Short 
Line 
Medium length line Long Line Long Line  








A 1 1+YZ/2 1+YZ/2 cosh(γ  ) 1+YZ/2 
B Z Z Z(1+YZ/4) Z0 sinh(γ  ) Z(1+YZ/6) 
C 0 Y(1+YZ/4) Y (1/Z0 ) sinh(γ  ) Y(1+YZ/6) 










sD  dDs ×  3 2dDs ×  4
309.1 dDs ××  
b
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BABABA sincoscossin)sin( ±=±  BABABA sinsincoscos)cos( =±  
cosh(γ l) = cosh(αl + jβl) = cosh(αl) cos(βl) + j sinh(αl) sin(βl) 
sinh(γ l) = sinh(αl + jβl) = sinh(αl) cos(βl) + j cosh(αl) sin(βl) 
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